Key points † The association of the revised cardiac risk index (RCRI) with non-cardiac morbidity after surgery has not been investigated. † RCRI was calculated in 560 patients undergoing major orthopaedic procedures. † Higher RCRI scores were associated with increased postoperative non-cardiac morbidity and length of hospital stay. † RCRI scoring may have a role in risk stratification to optimize health-care delivery.
These patients may be unable to undertake more objective measures of cardiorespiratory reserve, such as cardiopulmonary exercise testing 11 since their primary surgical pathology limits mobility. The RCRI adds prognostic information to vascular patients identified as high risk by cardiopulmonary exercise testing. 12 For the wider perioperative population, using this particular surgical subpopulation is a useful paradigm to explore whether in the absence of assessment of exercise capacity, various preoperative risk factors usefully predict prospectively recorded morbidity. We hypothesized that there would be a graded association between modified RCRI (mRCRI) score (including lower risk, relevant factors as defined by ACC/AHA 2007 Guidelines on Perioperative Cardiovascular Evaluation and Care for Noncardiac Surgery),
Methods
In accordance with local Ethical Committee approval, patients presenting for elective major joint (knee and hip) replacement, including revision procedures, aged 50 yr and more were enrolled between March 2004 and April 2005 before operation at the University College London Hospital and Edinburgh Royal Infirmary. Surgery and anaesthesia were conducted by consultant staff. Anaesthesia, standardized antibiotic prophylaxis, fluid therapy, and physiotherapy care were delivered according to usual local standard of care. Epidural anaesthesia was discontinued within 36 h to enable mobilization. Patientcontrolled analgesia (morphine) was administered to patients who had undergone procedures under spinal anaesthesia. An acute pain service was available for consultation. Oral fluid and solid intake was encouraged to be resumed on postoperative day (POD) 1.
A priori, the mRCRI was calculated by weighting minor (×1) and intermediate factors (×2) as defined by the ACC/ AHA 2007 Guidelines on Perioperative Cardiovascular Evaluation and Care for Noncardiac Surgery (Table 1) . 13 We used the same definitions for renal insufficiency and ECG abnormalities (left ventricular hypertrophy, left bundle branch block, and ST-T abnormalities) described by the ACC/AHA 2007 Guidelines. We defined preoperative systemic hypertension as either systolic arterial blood pressure .160 mm Hg or diastolic arterial blood pressure .90 mm Hg or treatment for essential hypertension. We recorded prospectively the factors associated with postoperative morbidity: operative time, 14 blood loss/postoperative haematocrit, 15 and immediate postoperative temperature. 16 17 Postoperative morbidity was assessed, using a validated system 10 ( Table 2) . Postoperative morbidity was recorded using the Postoperative Morbidity Survey (POMS). The POMS was administered by one of two study nurses to consenting patients on PODs 3, 5, 8, and 15. Day 3 POMS was not collected in the Edinburgh cohort. All data and mRCRI analyses were conducted independently of data collectors. POMS criteria were evaluated through direct patient questioning and examination, review of clinical notes and charts, retrieval of data from the hospital clinical information system, and/or consulting with the patient's caregivers. Patients were cared for by the normal attending clinicians who were blinded to the survey results. We also recorded patient age, gender, measures of preoperative risk [ASA Physical Status Score, 18 and Physiologic and Operative Severity Score for the enUmeration of Mortality and Morbidity (POSSUM)], 19 length of stay, mortality (at any point during hospital stay), and admission to the intensive care unit (ICU).
Statistical analysis
Categorical data are summarized as absolute values (percentage). Continuous data are presented as mean (95% confidence intervals). Characteristics of patients with differing mRCRI scores were compared using the Fisher's exact test for trend, or analysis of variance, depending on the distribution and nature of the data. Statistical analyses (NCSS 2004, Kaysville, UT, USA) of time to discharge from hospital using the Kaplan-Meier survival plots (log-rank test) were used to assess the impact of mRCRI in the presence or absence of morbidity on length of stay. Multiple regression analysis was performed to assess the association of preoperative (age, ASA class, gender, and mRCRI score) and Cardiac risk score and non-cardiac morbidity other evidence-based perioperative factors (POSSUM score, operative time, preoperative and postoperative haematocrit, and immediate postoperative temperature) with prolonged length of hospital stay (based on previous data at UCLH, with hospital stay .11 days for ≤10% patients). 10 A value of P,0.05 was considered significant. The study was powered on the basis of the results from the POMS conducted at Duke University Medical Center 9 and University College London, 10 with both centres consistently showing 40% of the patients to have one or more postoperative morbidities after similar orthopaedic procedures on POD 5. From these previous studies, our primary hypothesis was that patients with higher RCRI scores would sustain more morbidity. mRCRI scores were prospectively assigned into five classes: 0, 1, 2, 3, and ≥4. Thus, a sample size of ≥386 patients attains 90% power to detect an effect size (W ) of 0.2 using a four degrees of freedom Fisher exact test with a significance level (a) of 0.05. 20 The secondary outcome was length of hospital stay, analysed by the Kaplan -Meier survival plots (log-rank test).
Results

Patient population
The individual component variables for each mRCRI score .0 are shown in Table 3 . Baseline characteristics for each mRCRI score (Table 4) in both centres (Edinburgh, n¼130 patients; University College Hospital, n¼430 patients) were similar across groups. BMI (P¼0.57), previous or current smoking habit (P¼0.37), and analgesic techniques did not differ (data not shown), other than the predictable age difference in groups with an mRCRI score ≥1. Twenty-one patients were admitted to ICU electively, which was associated with higher mRCRI score. Two patients died after operation (0.3%). Ninety-four per cent of the patients were anaesthetized by consultant grade staff and all cases were supervised by consultants.
RCRI score and morbidity
Serial total postoperative morbidity events as defined by POMS for each mRCRI score are shown in Figure 1 . Postoperative morbidity occurred more frequently in patients with higher mRCRI ≥3 on POD 
Discussion
These data demonstrate two major findings. First, noncardiac morbidity is more common than cardiac morbidity, yet is associated strongly with higher preoperative cardiac risk as defined by the mRCRI. Secondly, mRCRI and POSSUM appear to be inadequate predictors of postoperative morbidity in individual patients for routine clinical practice. Large epidemiological studies have shown that perioperative morbidity is associated with dramatic differences in postdischarge life expectancy across different operations and health systems. 21 In the past, retrospective chart review has been frequently used to assess the type and frequency of complications. This approach has many methodological limitations including that the frequency and accuracy of reported complications might be inadequate for accurately assessing risk. 22 POMS is the only published prospective method for describing short-term morbidity after major surgery and is a reliable and validated survey with high interrater reliability. 10 POMS domains identify morbidity of a type and severity that could delay discharge from hospital and are recorded from indicators defining clinically important consequences rather than traditional diagnostic categories. The importance of prospectively gathering morbidity data in a defined, rigorous manner is borne out by the failure of administrative databases to satisfactorily describe postoperative complications. 23 24 Our data demonstrate that in a surgical population undergoing orthopaedic operations performed by limited numbers of consultant surgical and anaesthetic teams, the RCRI is associated clearly with prospectively acquired, standardized measures of morbidity. We have also shown that morbidity is clearly associated with longer hospital stay, consistent with previous validation studies of POMS.
10
In this high-volume orthopaedic population, the intrinsic limitation of patients' exercise capacity, 25 plus the cost and expertise required by certain preoperative tests, 11 may necessitate an alternative objective assessment of perioperative risk. A clear association was observed between preexisting, chronic medical morbidity and the recognition by clinicians that postoperative care in a critical care environment was appropriate for many patients in the higher mRCRI groups. However, the association between higher mRCRI score, development of morbidity, and length of hospital stay persisted, regardless of immediate postoperative environment. Several other evidence-based factors that influence postoperative morbidity were similar between mRCRI groups. The high standard of anaesthetic management of these patients across mRCRI groups was demonstrated by normal postoperative temperatures and the attainment of haematocrit levels above those associated with increased risk of cardiac ischaemia. 15 16 Our outcome data (hospital length of stay and in-hospital mortality) stand favourably with national 4 and international 5 comparisons. This includes data from recent large studies from the USA, where although the mean length of stay appears shorter, more than 48% of the patients are transferred to skilled nursing, intermediate care facilities. 5 Furthermore, up to 9% US orthopaedic patients are readmitted to hospital within 3 months. After major hip or knee surgery in the US Medicare system, 10% patients were readmitted within 30 days after discharge, representing 1.5% of all surgical re-admissions. 26 Failure to rehabilitate, pneumonia, postoperative infections, and gastrointestinal dysfunction (including bleeding) were among the commonest problems associated with re-admission. Thus, we observed similar patterns of morbidity reported in other hospitals and healthcare systems 27 -30 who do not use POMS.
This is an observational, two-centre study with inherent limitations, notwithstanding that we conducted an adequately powered study that is the largest prospectively defined and collected set of morbidity data in a very specific, tightly defined surgical subpopulation. We cannot assume that all higher risk patients were appropriately treated medically before operation. Since no intervention was conducted, these data can only provide associative conclusions. Minor risk factors have not been shown to be independently associated with increased perioperative cardiac risk. Thus, the assumption that the minor risk factors are weighted appropriately requires further exploration. However, it is well recognized that abnormalities in the baseline ECG of randomly selected, asymptomatic populations are associated with subsequent all-cause mortality, including cardiovascular and coronary heart disease, 31 32 independently of other risk factors. 33 
Clinical implications
These data provide three significant clinical implications. First, the occurrence of early morbidity on POD 3 was associated strongly with length of stay within both high-and low-risk mRCRI groups. Nevertheless, these data demonstrate that higher mRCRI is associated with more overall complications and longer hospital stay even in the absence of early postoperative morbidity. Secondly, cardiovascular morbidity-specifically, cardiac ischaemia-was a relatively infrequently recorded morbidity domain. Individual mRCRI factors, even intermediate factors such as previous myocardial infarction or heart failure, were not associated with morbidity and length of stay. Rather, the composite mRCRI score, many domains of which are not directly related to cardiovascular morbidity, conferred greater risk of postoperative morbidity. This finding is consistent with the lack of specific cardiac morbidity and an overall constellation of multiple, chronic morbidities, perhaps reflecting general deconditioning and likely lack of cardiorespiratory reserve. Thirdly, the modest predictive value of mRCRI was similar to the performance of POSSUM for predicting morbidity, suggesting that other objective measures require exploration. By definition, POSSUM cannot perform as a true preoperative ACC score ≥3-no POMS POD 5
Fig 5 Time-to-discharge analyses demonstrating the impact of morbidity and mRCRI group on length of hospital stay. The presence of any POMS-defined morbidity on POD 3 (A: log-rank test, P¼0.005) and POD 5 (B: log-rank test, P¼0.01) was associated with prolonged hospital stay, within each mRCRI group. Length of stay was persistently higher in morbidity-free patients with mRCRI ≥3 on both PODs 3 and 5.
predictor of morbidity since the POSSUM score can only be calculated after surgery. Objective measures of cardiopulmonary reserve including cardiopulmonary exercise testing have been reported in the orthopaedic population but are often deemed to be impractical due to the limitations imposed by musculoskeletal pain, deformity, or both. In one small study, only 60% of the patients with end-stage arthritis of the hip and knee were able to undertake conventional bicycle ergometry. 25 Thus, stratifying risk on the basis of plasma biomarkers, such as brain natriuretic peptide, 34 may confer additional predictive value.
In conclusion, greater preoperative cardiac risk is associated with an increased risk of non-cardiac morbidity and delayed discharge from hospital in elective orthopaedic surgery. Further work is required to ascertain whether perioperative interventions can be based upon the mRCRI. With increases in the prevalence of arthritis, obesity, and an ageing population, the need for measuring orthopaedic postoperative outcome/morbidity based upon appropriate risk stratification will be of great importance in driving quality health care.
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